Objective. To describe and to analyze cervical epidural contrast patterns seen in antero-posterior (AP), contralateral oblique (CLO), and lateral view. To identify factors that might help in predicting contrast distribution pattern and extent.
Introduction
Epidurography was initially introduced as a diagnostic imaging modality [1] . Large volumes of contrast agent were injected into the epidural space, and the spread pattern analyzed with x-ray. The presence of filling defects, as well as limitation of spread, would indicate conditions such as disc herniation or spinal stenosis [2] . Magnetic resonance imaging (MRI) and computerized tomography (CT) myelography have now supplanted epidurography for this role. Epidurograms are now primarily performed for the purpose of confirming needle tip location in the epidural space (e.g., during epidural steroid injection). The second most common reason is to demonstrate that the contrast and subsequent therapeutic injectate reach the suspected site of paingenerating pathology. There is mounting evidence that accurate targeted injections are important and make a difference in outcomes [3] .
Even though an epidurogram is frequently used to confirm epidural access, the process of this confirmation is largely subjective. The epidural space is nonhomogenous in nature, with significant inter-and intra-individual variability. The space has distinct posterior, lateral, and anterior compartments [4] . Various physiological and pathological conditions such as aging, spinal stenosis, disc displacement, and epidural scarring can further lead to significant alterations in the anatomy of the epidural space. Hogan, in his detailed epidural anatomic studies, has clearly shown that the spread of the contrast in the epidural space is variable and unpredictable [5] . It is this variability of spread that leads to heterogeneity in the epidurograms thus obtained. Consequently, there is subjectivity, and at times ambiguity, in epidurogram interpretation, resulting clinically in variable therapeutic outcomes.
Despite the obvious importance of correct interpretation of an epidurogram, particularly in the cervical spine, there is little work done in describing the different patterns of spread of the contrast medium in the epidural space and its interpretation. Errors in identification of the epidural space can lead to failure of treatment or may at times lead to severe complications (mistaken needle advancement leading to subarachnoid and intracord injection). Antero-posterior (AP) view is used to assess the direction of the needle, and contralateral oblique (CLO) and lateral views are useful for assessment of the depth. The spread of contrast in these views has not been well described, and atypical spread patterns can be misleading in the process of confirmation of epidural spread. An analysis of these spread patterns in multiple views can provide a rational basis for the interpretation of atypical appearance and aid in this important differentiation. We recently undertook an in-depth comparative study of the CLO and lateral views for cervical and cervico-thoracic epidural access and demonstrated the superior accuracy and predictability of the CLO at 50 degrees compared with the lateral view for epidural needle placement [6] . In the current study, we detail the different types of cervical epidural contrast spread patterns obtained and provide a three-dimensional analysis of these spreads. Our aim is to create the first report on the interpretation of cervical epidural contrast spread patterns in all commonly employed fluoroscopic views.
Methods
The study was approved by the institutional review board and conducted in an outpatient pain clinic of an academic medical center. The inclusion criteria for the study were adult patients who were undergoing therapeutic cervical or cervico-thoracic epidural steroid injection with fluoroscopic guidance. Thus, standard exclusion criteria that apply to elective epidural steroid injections, such as pregnancy, were automatically enforced. Additional exclusions included nonavailability of (MRI) images preprocedure, prior posterior cervical spine surgery, and hypersensitivity to contrast agent. The injections were performed under local anesthesia with occasional supplementation with nurseadministered sedation. The procedure was performed by either resident or fellow physicians under the supervision of one of the study investigators. The fluoroscopy unit employed was OEC 9900 Elite (OEC Medical Systems, Salt Lake City, UT, USA). Informed written consent to participate in the study was obtained from all study subjects. The patients were placed in the prone position with a pillow under the chest, and the neck was slightly flexed. The arms were tucked under the thighs so as to caudally displace the shoulders.
A 20-gauge Tuohy needle was used for interlaminar epidural access. The epidural space was accessed under fluoroscopic guidance and with loss of resistance to saline technique. If the needle was deemed to be in the epidural space when loss occurred, then a true AP view was obtained. A true AP view was defined as AP view where the spinous process is equidistant from the two pedicles. The fluoroscope and the bed were adjusted in order to obtain a true AP, and all oblique and lateral rotations were made based upon this as a zero-degree reference point. The needle was assigned laterality by the attending physician based upon close observation.
Eight fluoroscopic views were then obtained: AP, lateral, and CLO30 at 30 degrees, CLO40 at 40 degrees, CLO45 at 45 degrees, CLO50 at 50 degrees, CLOi at the iso-intense angle, and CLOm at the measured angle (angle formed by the intersection of the line parallel to the lamina with the line passing through midsagittal plane). The injection of contrast medium (Isovue-M 300, Bracco Diagnostics Inc, Princeton, NJ, USA) confirmed epidural spread in AP, CLO30, CLO45, CLOm, and lateral views. The volume of contrast injected was determined by what was deemed sufficient to confirm epidural location of the spread. All of the images were electronically stored for analysis. The data from needle tip location and clarity have already been reported. The present study reports our findings of epidural spread patterns in different views.
Data points obtained were age, sex, volume of contrast injected, levels of spread above, levels of spread below, laterality of spread, foraminal spread, and ventral spread, as well as zones of spread in AP, lateral, and oblique views. The spread in each zone was subjected to three-dimensional analyses (based upon spread in corresponding other views) to develop a rational explanation for the appearance of spread. We also looked for any association of the degree of spread to the patient age and the volume of injectate and needle location in the AP view.
Data Analysis and Statistical Method
For the purpose of descriptive analysis, we used the same system of zones as described in our previous comparative analysis of different views [6] .
The AP view of the interlaminar space was divided into three zones. AP zone 1 (APZ1) extends within the lateral margin of the spinous process from one side to the other. The area from the lateral margin of the spinous process to the lateral margin of the interlaminar opening measured at its maximum width was divided into two equal zones, AP zone 2 (APZ2) medially and AP zone 3 (APZ3) laterally (Figure 1 ). AP zone X was lateral to APZ3.
In the CLO view, the area anterior to the ventral interlaminar line (VILL) and posterior to the line joining the uncinate processes (along ventral margin of the foramen) was equally divided into three zones. Oblique zone 1 (OZ1) is far posterior, while oblique zone 3 (OZ3) is most anterior, with oblique zone 2 (OZ2) lying in the middle ( Figure 2 ). The area ventral to OZ3 represented oblique zone X (Figure 2 ).
In the lateral view, the area extending from spinolaminar line to the posterior articular pillar line was equally divided into lateral zone 1 (LZ1) and lateral zone 2 (LZ2) from posterior to anterior. Lateral zone 3 (LZ3) extended from the posterior articular pillar line to the posterior vertebral line (Figure 3 ). The region anterior to LZ3 represented lateral zone X.
Data is presented as mean (standard deviation), median interquartile (quartile 1, quartile 3), or number (%), depending on type and distribution. To assess differences across categories in continuous parametric variables, t tests or analysis of variance were employed. Similarly, for continuous data that did not follow a normal distribution (e.g., volume-injected) Wilcoxon-Mann-Whitney or Kruskal Wallis tests were used to identify differences across categories. Chi-squared tests were employed to study the association with the degree of spread. For interpretation of contrast patterns, we used descriptive and diagrammatic tools as detailed in the Results and Discussion sections.
Results
A total of 27 subjects were recruited for the study. Of these, three subjects were excluded. One patient had vasovagal symptoms, and the injection was not completed. The second patient could not lie down in the prone position, and the injection was not initiated. The third patient could not remain still, and additional necessary images required for the study could not be obtained.
Patient Demographics
There were 15 men and nine women in the study. The age range was 36 to 76 years, with a mean of 53 years. Three of the 24 subjects had anterior cervical spine surgery. Nine injections were performed at C6-7, and 15 injections at C7-T1.
Accuracy of Needle Tip Placement in the Epidural Space
Accuracy of needle tip placement in the epidural space was 100%, as confirmed by the contrast-spread pattern on lateral and multiple oblique projections. Three study investigators reviewed the postcontrast study images, and there was unanimous agreement for epidural spread of contrast.
Overall Analysis of Spread
The median volume of isovue injected was 1.50 mL (interquartile range [IQR] ¼ 1.00-2.00 mL). The volume injected was in the range of 1-2 mL in all of the patients except for two: one patient received only 0.5 mL, and the other 3 mL of contrast medium. Mean number of vertebral levels covered were 1.54 (SD ¼ 0.88) above the point of access and 1.38 (SD ¼ 0.88) below the point of access. Lateral zone 3 spread (defined as spread overlying the articular pillars in the lateral view) was seen in 12 of 24 (50%, 95% confidence interval [CI] ¼ 30-70%) patients, foraminal spread (defined as spread lateral to the medial margin of pedicle in AP view) was seen in 16 of 24 (66.67%, 95% CI ¼ 47.81-85.53%) subjects, and bilateral spread was seen in 14 of 24 (58.33%, 95% CI ¼ 38.61-78.06%) subjects. True ventral spread as a distinct line at the posterior margin of the vertebral body or spread over the articular pillars reaching posterior margin of the vertebral body was not seen in any patient. Posterior margin of the contrast overlying the VILL was seen in all patients in the CLO view, but the posterior margin of contrast overlying the spinolaminar line was seen only in 10 of 24 (41.7%, 95% CI ¼ 21.95-61.4%) patients in the lateral view.
No independent association was seen between the age of the patient, volume of injectate, needle location in the AP view with the degree of spread, unilateral vs bilateral spread, foraminal spread, or zone 3 spread in the lateral view (Table 1) . No independent association was seen between the spread pattern in the AP view (P ¼ 1.00) or the spread pattern in the CLO view (P ¼ 0.36) with zone 3 spread (spread over the articular pillars) in the lateral view. 
Analysis of Contrast Spread in CLO View
Multiple patterns of contrast spread were seen in the CLO view ( Figure 4 , A-F). In 15 of 24 subjects, the contrast was seen as a thin band hugging the VILL and occupying zone 1 only ( Figure 5A ). In seven of 24 subjects, this band was thicker, occupying the posterior two CLO zones (
Figure 5B), and in two of 24 subjects the contrast was seen to occupy all three CLO zones ( Figure 5 , C and D). Contrast spread crossing the midline with diffuse faint spread ventral to the needle tip was seen in seven of 10 patients ( Figure 5D ). The posterior boundary of the contrast was seen to lie on the ventral laminar line at all angles ( Figure 6 ). The needle tip was seen to translate posterior with increasing obliquity ( Figure 6 ). At the measured angle, the needle tip lay on or before the anterior margin of the contrast spread in 21 of 24 subjects. At the measured angle, the needle tip was seen to lie in front of the contrast in three of 24 subjects ( Figure 7C ). Ipsilateral foraminal spread (as seen on AP view) could not be visualized, but contralateral foraminal spread could be visualized in five of 14 subjects ( Figure 6 ).
Analysis of Contrast Spread in Lateral View
Lateral zone spread was defined based upon the thickness of spread. Very thin line of spread occupying zone 1 only could be seen in two of 24 patients, spread occupying zone 1 and zone 2 could be seen in 10 of 24 patients, and thick spread extending from the spinolaminar line to overlying the articular pillars (zones 1, 2, and 3) was seen in 12 of 24 subjects ( Figure 8 ). True ventral Figure 4 Collage of different patterns seen in CLO view: (A-E) varying thickness of the contrast spread and its relationship with the needle tip at CLOm; (E) dual intensity of contrast in the CLO view representing contrast crossing the midline; (F) contrast spread as seen at CLO30, needle anterior to the laminar line even though the contrast lies on the laminar line. CLO30 ¼ contralateral oblique view at 30 ; CLOm ¼ contralateral oblique view at measured obliquity coaxial to the lamina. spread, defined as spread along the posterior vertebral body line (Figure 3) , was not seen in any patient.
Analysis of Contrast Spread in AP View
In AP view, nine of 24 needle tips were seen to lie in zone 1, 13 of 24 tips in zone 2, and two of 24 needle tips in zone 3. Three types of spread were seen, 12 of 24 patients had spread in all three AP zones along with foraminal spread, eight of 24 had the same spread but without foraminal spread, and four of 24 showed spread along foramen only (Figure 9 ). Each of these patterns could be seen unilateral or bilateral. Foraminal spread was seen in 16 of 24 patients in AP view; of these, only eight subjects showed zone 3 spread over the facet pillars in the lateral view. Conversely, of the twelve patients with zone 3 (defined as spread over the facet pillars in the lateral view), only eight showed spread along the foramen. Of the 20 patients with spread seen in the interlaminar area, 14 patients showed fat vacuolation.
Discussion
This study was conducted to describe cervical and cervico-thoracic epidural contrast spread patterns and to perform a detailed analysis of these patterns. The ultimate goal is to develop a three-dimensional understanding of what anatomic distribution a particular pattern of spread represents. This understanding is important not only to correctly identify epidural patterns but to also make sense of atypical patterns. By describing the different patterns and providing diagrammatic and geometric rationalizations, we hope to reduce ambiguity and discord among expert opinions when things go awry. The central finding of this study is not surprising: Epidural spread is not predictable, and multiple epidural spread patterns are seen.
There was no correlation of spread of the contrast to patient age, the volume of the injectate, or to the location of the needle tip in the AP view. Thus it cannot be predicted based upon the above factors whether the contrast spread will be unilateral or bilateral, ventral or not ventral, or how many levels will be covered. This is not surprising; epidural topography is nonhomogenous, and the fluid follows the path of least resistance. Variability of epidural spread has been shown previously in a CT analysis of epidural spread, as well as a study employing fluoroscopy [5, 7] . The results are also consistent with what is clinically observed. Sometimes small volume may spread over multiple levels; other times it may not. It has, however, also been shown that higher volumes of contrast lead to a greater degree of spread [8] , and this is also clinically validated in epidural use for surgical analgesia. The findings of this study are not contradictory, as they refer to only low volumes of injectate. It is highly likely that, as shown in previous studies, higher volume would have lead to higher-degree and more consistent spread. The lack of influence of needle tip location in the AP view should also be interpreted in light of the fact that most of the needles were in zone 1 or zone 2, with only two of 24 needle tips in zone 3. Extreme lateral needle tip location in AP view has been shown to influence ventral epidural spread in the lumbar spine [3] . For those in the pursuit of target access, the study suggests that target access may not be presumed with a predetermined volume of injectate, or with needle location, and remains unpredictable.
In the CLO view, the contrast spread pattern may appear as a thin line along the ventral laminar margin or as a thicker line with posterior margin approximating the VILL ( Figure 5 ). Rationale for the variability of thickness of spread is depicted in Figure 5 . A thin line of spread is likely seen when there is no epidural pooling or distension leading to diffuse uniform contrast spread, as is commonly seen in the cervical epidural space. Increased thickness of the spread likely represents epidural pooling with or without dural indentation, or when contralateral or lateral recess accumulation of contrast is sufficient to provide a radiological shadow ( Figure 5D ). The contralateral spread and ventral or lateral recess spread is faint as it is perpendicular to the x-ray, whereas ipsilateral spread is coaxial and hence appears very dense. The phenomenon of epidural space distention has been well demonstrated in the lumbar epidural space, although it is unlikely to play as significant a role in the cervical space given the limited compliance [5] . A supposition can be made as to the thick line representing intradural or subdural distension. Given the significant frequency of occurrence of this phenomenon and the rational basis for this being epidural, this supposition is unlikely to be true [5] . It is unlikely that either the thick band or the thin line could represent subarachnoid spread. The posterior boundary of subarachnoid spread is likely to lie slightly in front of the VILL. Additionally, the spread would layer ventrally and with the small amount injected either a ventral line or possibly a dual line (dorsal and ventral line) could be seen (Figure 10 ). With small amounts of epidural contrast injected, a ventral line was not seen in any patient in the CLO or the lateral view. Appearance of this line should raise suspicion for subarachnoid spread.
The contrast invariably spreads along the laminar margin, irrespective of the angle, whereas the needle tip appears anterior to the VILL at lesser obliquity. This phenomenon is shown and explained diagrammatically in Figure 6 . When viewing coaxial to the lamina, the needle tip demonstrated a close relationship to the contrast spread. The needle tip may be seen at the posterior margin of the spread (Figure 7A ), at the anterior (Figure 7B ), anterior to the contrast ( Figure 7C ), or obscured within the contrast ( Figure 7D ). When contrast pools into the most posterior recess of the epidural space, the needle appears at the anterior margin. In some cases, the needle tip might even appear anterior to the spread. In addition to pooling of contrast, there is likely an element of dural indentation when this occurs, and it is more likely to happen with midline needles. When the contrast pools behind the needle tip as well as in front of it, as seen in Figure 7D , the needle tip is obscured.
The ipsilateral foraminal spread cannot be seen in the CLO view, whereas contralateral foraminal spread may at times be well visualized ( Figure 6 ). Ipsilateral foraminal spread is obscured by the posterior epidural spread, but contralateral foraminal spread may be seen faintly if there is significant distribution of the contrast to this region. Foraminal spread was most prominently seen at CLO30, and this likely relates to the angle formed between the x-ray beam and the foramen.
Given the angle formed with the ventral epidural space, it is unlikely that small amounts of ventral epidural spread may be detected in the CLO view. Additionally, the region of contralateral spread overlaps the region of ventral spread in this view (Figure 11 ). For these reasons, it is unlikely that the CLO view may serve as a reliable view to confirm or refute ventral epidural spread.
In the lateral view, the contrast spread may appear as a very thin line (zone 1) as seen in two of 24, thicker line (zones 1 and 2) as seen in 10 of 24, and a very thick line (zones 1, 2, and 3-extending from spinolaminar junction to the articular pillars) as seen in 12 of 24 patients. Zone 1 and zone 2 represent posterior epidural spread; zone 3 represents lateral epidural space encroaching upon the foramen (Figure 8 ). Only in 10 of 24 patients did the posterior margin of the contrast overlay the spinolaminar line. This is likely because at times the contrast may not pool into the posterior epidural space, or when it does pool it may not be visualized, or the spinolaminar line itself may not be well visualized to assess this relationship. Previous studies showing ventral spread have not clearly defined the radiographic criteria that define ventral spread [7] . In this study, true ventral spread, as a clear line at the level of the posterior vertebral bodies, was not seen in any patient. It is unclear if this is a function of the low volume of contrast used, the fact that only two of 24 needles lay in zone 3 (poor visualization in the cervical spine), or a result of anatomical restriction given the larger posterior longitudinal ligament (PLL) adhering to the dura mater. It is likely a combination of all three factors. It has been shown that in the cervical region PLL can be up to 8-10 mm wide and strongly adherent to the intervertebral disc in the midline and to the duramater posteriorly [9] . This barrier likely prevents significant epidural spread.
In the AP view, contrast disseminated easily and three patterns of spread were seen. Each of these could be unilateral or bilateral (Figure 9 ). Analysis in other views of the cases, where only isolated foraminal spread was seen in AP view, confirmed posterior epidural spread; hence, isolated foraminal spread likely represents additional posterior epidural spread despite not being visualized in the interlaminar space (zones 1-3) in AP view (Figure 12 ). This confirmation is important to exclude subdural spread. Nonhomogenous spread had fat vacuolation in 14 of 20 of the patients ( Figure 6 ). Thus fat vacuolation is often a reassuring sign of epidural distribution, but sensitivity and specificity of this phenomenon cannot be predicted from this study.
To summarize, what is important from clinical point of view is the ability to easily access the cervical epidural space and confirm without ambiguity that the spread is epidural. Secondarily, it is also important to assess whether the pain-generating pathology is likely to be accessed by the injectate. In terms of accessing the epidural space, the CLO view has been shown to provide superior accuracy and predictability. In terms of confirming epidural location, the CLO view provides a wellvisualized landmark, the VILL, over which the posterior margin of the contrast should overlie. The anatomical proximity of the VILL to the epidural space assures that when the posterior margin of the spread overlies the VILL it is reflective of epidural spread, and if it does not overlie the VILL, then potential for this being nonepidural should be considered. Instances with thick spread pattern in CLO view (as opposed to a thin line of spread) create some ambiguity, but in this study we have shown that this is not an infrequent phenomenon (similar to thick spread in the lateral view) and is geometrically plausible. The lateral view does not provide a fixed landmark for the posterior margin of the contrast, and spread that is not seen to overlie the spinolaminar line should be confirmed as epidural spread by the CLO view. It is to be noted that thick spread over the articular pillars is frequently seen in the lateral view and is reflective of epidural spread. Fat vacuolation is also a reassuring sign of epidural spread, but the study does not provide values of sensitivity or specificity for this phenomenon. In terms of target access, it can be stated that cervical epidural spread is unpredictable, both in terms of the distribution and the extent. AP view showing foraminal spread at the appropriate level and side is the best indication that the medication may access the pathology at the foramen, and an assumption may also be made that this will access the disc nerve interface (in case of paracentral disc displacement). As lateral view did not reveal ventral spread, nor is there any specific pattern suggestive of foraminal spread in the lateral view, it is clear that at low volumes of injectate the lateral view does not add to the ability to confirm target access. Furthermore, lateral view failed to identify zone 3 spread (spread over the articular pillars) in many patients who had foraminal spread in the AP view, creating the problem of false negatives ( Figure 13 ).
The study was primarily conducted to develop a threedimensional understanding of the contrast patterns. One important limitation of this study is that contrast volume used was not standardized. We did not pick the volume of contrast to be injected into the epidural space; instead, the volume used was what the physician thought fit to confirm the epidural location of the needle. Thus the study most closely replicates the scenario that a physician faces day to day in making the determination as to whether the initial spread pattern represents epidural spread or not. The variability of contrast spread should be interpreted in light of this important limitation. The second important limitation is the study size. Given the additional radiation exposure to the patients, the sample size was determined by the institutional review board. A larger study would help narrow the confidence intervals and provide greater confidence in predicting, for instance, bilateral spread or foraminal spread. It is possible that a larger study could also find some associations between needle location and volume injected even at low volumes: Given the results of this study, it is unlikely that the association would be so strong as to Figure 10 Diagrammatic depiction of subarachnoid spread-line B is coaxial to the lamina; intrathecal spread will not contact the lamina when appropriate obliquity is used but will be in close proximity. It is likely to layer ventrally, and a single line of ventral spread or a dual line (dorsal and ventral) might be seen. The actual appearance of intrathecal spread with low volume injected cannot be predicted because our current knowledge is based upon large amounts injected as in a cervical myelogram. Dotted lines represent fluoroscopic beam. The medullary spread would be seen within the dotted lines but could also represent ventral or dorsal epidural spread. The actual appearance of medullary spread in CLO view is unknown.
Figure 11
Diagrammatic depiction of ipsilateral, contralateral, and ventral contrast spread: Ipsilateral spread lies parallel to the beam and appears hyper-intense. Contralateral spread (B) and ventral spread (A) are nearly perpendicular to the line of the x-ray and hence likely to be less dense, as well as indistinguishable. Knowledge of the spread in AP view can help make this distinction. Lines represent the angle of the fluoroscopic beam.
be clinically relied upon. It is also possible that a larger study could show that the posterior margin of the contrast does not always overlie the VILL in the CLO view; the results of this study, however, advise that such a pattern would be concerning and cannot be relied upon for confirmation of epidural spread. Such a situation might theoretically be expected when the spread is exclusively contralateral or ventral (Figure 10) . Lastly, the study does not include any cases of subarachnoid injection; the conclusion that only an epidural spread pattern may provide spread overlying the dorsal margin on the VILL is therefore theoretical. However, subarachnoid contrast will layer ventrally and based upon that either provide a single line of ventral spread or dual-line dorsal and ventral with larger volumes. Case reports with images of inadvertent low-volume subarachnoid injection (while performing epidural injection) in the CLO view might help clarify this further. 
Conclusion
Spread of contrast in the cervical epidural space shows multiple patterns, and the extent of dispersion is variable and unpredictable.
The CLOm view provides clear confirmation of epidural spread. The posterior margin of the contrast will invariably overlie the VILL. The contrast can appear as a thin line or as a much thicker band of spread. The needle tip usually lies within the margins of the contrast. At times, the tip may project slightly beyond the contrast margin; this may be seen particularly in midline needles and may represent an element of dural indentation. At lesser angles of obliquity, the needle appears significantly anterior to the contrast margin.
The lateral view does not provide a fixed landmark for the posterior margin of the contrast. When the posterior margin of the contrast does not overlie the spinolaminar line, then the spread should be confirmed as epidural spread by the CLO view. It is to be noted that thick spread over the articular pillars is frequently seen in the lateral view and is consistent with epidural spread. Ventral contrast spread is not visualized in the lateral view when using low volumes of contrast.
Given the consistency of the posterior margin of the epidural contrast to a radiological landmark in the CLO view, this view should be considered the optimal view to confirm epidural location of the injectate.
The AP view is an excellent view to measure the craniocaudad spread, as well as foraminal spread. At low volumes of contrast, the AP view might provide the best estimate of the likelihood of the injectate accessing the pain-generating pathology and should be considered the optimal view for this purpose. Fat vacuolation is also a reassuring sign of epidural spread, but the study does not provide values of sensitivity or specificity for this phenomenon.
